“Calhoun 


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations 1. Thesis and Dissertation Collection, all items 


1980-09 


An analysis of the 1977 AD/AR TARSLL. 


Hargrove, James Wiley Jr. 


Monterey, California. Naval Postgraduate School 
http://ndl.handle.net/10945/17511 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


: Calhoun is the Naval Postgraduate School's public access digital repository for 
/ (8 D U DLEY research materials and institutional publications created by the NPS community. 
«ist : Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


NY KNOX appointed — and published — scholarly author. 


LIBRARY Dudley Knox Library / Naval Postgraduate School 
411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 


GRRE O RRO NSAN TCG tics 
ol ii AY 


















: whe 
- ) 45,5 Vie SNA n , 
‘| ' P i i@ i ea 
eu J ie Vv at r , LS 
1 1 1, i] || wh } - 
| . 
, J ; >< Ly ry 
¥ a 
‘ re 
' al * J ‘ | 
i . i U ‘ i k RN ¥ 
\ a ! : af eu ' .) S 
1 | , i i ia | : \ * : “ 
,“ at Pea} . ANS 
' I i} ' put a ; 
| ‘ . . bry 
_ ! = % ass é + 1 aa 
i * ae nine 
® i i ks v . , 
\ i - { ae 
Tl 1 { us, 
4, oe ; ‘e \ 
' 4 
' ,; ' 
i ' i i 
1 
CY 
’ 
i 
‘ 1 
i 1 | | > . 
| | ! at 7 , ! vi th 
ony 1 % i} *, a if 77 ai es 4 . 
1 ai 1 we ‘mt on 
\ \ , f “~~ bieae wy i] AI : J 
! ' i é, ! ' i AL ~) a x : » 
\ 4 a 
1 ‘ . 
v | 
' i} i) a 
' ' ‘ 
i] ' 4 11 = 
il ‘ 
+ = F 
— 1e 
t 
: 
| = 
Ly 
‘ 
! 
! 
i 
' 
- 
: | 
® 
i 
' \ 
; F . 
r y : 
/ = . - : 
, = 
i] y 
« 
| ~~ i 
- i] ' y 
A af ‘ 
| : , . . ' eB” f “mt 4 
:' = 7 ; 
ihe = ‘a ' 
i] i] ' J ay a 
i N i, tt | bet vo —_ 
| Mf i oele. p 
/ . & ry ' = ae 7 ~ 
i - ' a | pa -! a 
nl ei = P i} Lr = APs) 
\ - = . = , abit a7 ‘q : 
," ; , Aye 7 7 ts ait 
e | | - rai i = = - 
- Lure 3 = A Lye 24 - 
} Fay" i “vd ’ ere Ras Py 
| Fei , me 1 T 
. ' i) hae = ‘ 
' i -" is : : 4 | 
‘ \ Th i ut WA 
pa i ' i . ars JAGt 
1 i 
; | 4 f = | ™" i -, ' » 
I I i , . 
é J ; | ' 1 LF i ," A gh 8h Tal © A, 
s Uy i | ‘i ij NG are 4 
. Ly BANS Tes TRL EL 
a ye WW / ye Nilo ove P iF 
TA 8 OOOH Lene ag 
| | red! EA Gil 
! f wre 4 2, yi = ; 
;i3 j z _ i; 






? i te ! i ‘ i 
vi i ie 
om | Ae fare ft 
. ' rl aj ih ot ‘ i 4 an ‘ 
t i a? | f - 
intr dh SO 
; et aed, ee 4 ey 
' : wt any F ' fe 
i fl a i q i 
i ¥, t ; hi i. ,! 2 
! ' if , é , - ity uF Ta} ' 
i a i ' if _ ’ » i" i, +7 vu) Ay 
BST Poon tee WEay 
Pras a 4 v Lane re Vel ey 














NAVAL POSTGRADUATE SCHOOL 


Monterey, California 





THESIS 


AN ANALYSIS OF THE 1977 AD/AR TARSLL 
by 
James Wiley Hargrove, Jr. 


september 1980 


Thesis Advisor | F. R. Richards 





Approved for public release; distribution unlimited 





UNCLASSIFIED 


SECURITY CLASSIFICATION OF THIS PAGE (ran Deore Entered) 


REPORT DOCUMENTATION PAGE 


2. GOVT ACCESSION NO 





READ INSTRUCTIONS 
BEFORE COMPLETING FORM 


5S. TYPE OF REPORT & PERMIOD COVERED 
Master's Thesis; 


Sseptemper 1930 


&. PERFORMING ORG. REPORT NUMBER 














TITLE (and Subtitie) 










An Analysis of the 1977 AD/AR TARSLL 











7. AUTHOR/ea) 


James Wiley Hargrove, Jr. 











10. PROGRAM ELEMENT. PROJECT, TASK 
AREA &@ WORK UNIT NUMBE RS 


12. REPORT CATE 
September 1980 


MONITORING AGENCY NAME & ADORMESS/(II different from Contretiing Office) 18. SECURITY CLASS. (of thie report) 


9. PERFORMING ORGANIZATION NAME AND ADDRESS 


Naval Postgraduate School 
Monterey, California 93940 
















CONTROLLING OFFISE NAME AND ADDRESS 


Naval Postgraduate School 
Monterey, California 93940 





1 






UNCLASSIFIED 


Sea. OECLASEIFICATION/ COWNGRADING 
SCH EOULE 


Approved for public release; distribution unlimited 





16. OISTRIBUTION STATEMENT (of thte Repert) 





». OMSTRIBUTION BTATEMENT (ol tha shertrect entered in Bleck 20, ({ different trem Report) 


- SUPPLEMENTARY NOTES 


KEY wOROS (Centinue on reveree side if necessary and (dentity by block number) = 


Inventory Model TARS LL 


mead List 


. ABSTRACT (Continue an reveree side {if necessary and identify by bleck mamber) 


The industrial mission of Destroyer Tenders CAD) and Repair 
Ships (AR) is to provide intermediate level maintenance and repair 
for supported ships. The Tender and Repair Ship Load List for these 
ships (AD/AR TARSLL) designates the range (number) and depth Cquan- 
tity) of repair parts to be carried to support this industrial mis- 
sion. This thesis details the logical reasoning and mathematical 
theory used to develop the 1977 AD/AR TARSLL, including an analysis 





DD , Seer 1473 = EDI TION OF 1 WOV 6815 OBSOLETE 


{DPagp 1\ S/N 0102-014 46401 : 








Eps aes kys oo Eig {alee 
Gecumvly CLASSIFICATION OF Twist PAGE Mren Nora Entered. 





Zor. Ccontinued) 


of the data development, the mathematical inventory model and 
procedures used, and various assumptions and constraints applied 
during the process. Actual demand history for the six AD/AR's in 
the Atlantic fleet for a two year period from 1977 to 1979 was 
used to evaluate the effectiveness of the load list. The effects 
of certain assumptions-~in the model on the load list were anal- 
yzed. The proposed changes for the 1980 TARSLL were incorporated 
in the 1977 TARSLL and evaluated. Also, alternative models and 
methods of load list development were proposed and evaluated. 


DD Form. 1473 UNCLASSIFIED 


t a RE SE EDIE SAT EI 
LIs4 ae Jar At~ts4 PFPORY ee mm mm es Bean, 2B 8118 Hi he SBman Pata Bnitered) 





| Approved for public release; distribution unlimited 
: An Analysis of the 1977 AD/AR TARSLL 
by 


: James Wiley Hargrove, Jr. 
Lieutenant Commander, Supply Corps, 
_. United States ee 
B.S., Georgia Institute of Technology, 1970 


Submitted in partial fulfillment of the 
requirements for the degree of 


MASTER OF SCIENCE IN OPERATIONS RESEARCH 
from the 


NAVAL POSTGRADUATE SCHOOL 
September 1960 


iy 





ABSTRACT 


The industrial mission of Destroyer Tenders (AD) and 
Repair Ships (AR) is to provide intermediate level 
Maintenance and repair for supported ships. The Tender and 
Repair Ship Load List for these ships (AD/AR TARSLL) 
designates the range (number) and depth (quantity) of repair 
parts to be carried to support this industrial mission. This 
thesis details the logical reasoning and mathematical theory 
used to develop the 1977 AD/AR TARSLL, including an analysis 
of the data development, the mathematical inventory model 
and procedures used, and various assumptions and constraints 
applied during the process. Actual demand history for the 
Six AD/AR's in the Atlantic fleet for a two year period fron 
1977 to 1979 was used to evaluate the effectiveness of the 
load list. The effects of certain assumptions in the model 
on the load list were analyzed. The proposed changes for the 
1980 TARSLL were incorporated in the 1977 TARSLL and 
evaluated. Also, alternative models and methods of load list 


development were proposed and evaluated. 
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I. GENERAL BACKGROUND AND INTRODUCTION 


A. DEFINITION AND PURPOSE OF THE TARSLLI 

The industrial mission of Destroyer Tenders (AD) anda 
Repair Ships (AR) is to provide intermediate level 
Maintenance and repair for supported ships. The Tender and 
Repair Ship Load List for these ships (AD/AR TARSLL) 
designates the range (number) and depth (quantity) of repair 
parts to be carried to support this industrial mission for a 
specific period of time. A separate load list is developed 
for the Atlantic and Pacific fleets. Each Destroyer Tender 
or Repair Ship in the same fleet carries the same load of 
items. This load has been designated as Prepositioned War 
Reserve Stock (PWRS) by the Chief of Naval Operations (CNO) 
and as such is not only to be responsive to peacetime 
demands but also to satisfy wartime requirements. The normal 
support period is therefore specified as ninety (90) days 
Since this is considered the required support period for a 
wartime environment without resupply. The CNO has also set 
an 85 percent net reguisition effectiveness goal for the 
AD/AR TARSLL. This means that 85 percent of all of the 
reguisitions submitted ina 90 day period for items carried 
by the TARSLL should be completely filled from stock. This 
excludes reguisitions from supported ships for resupply of 
their stock since the TARSLL is not designed to support 
this. A new TARSLL is produced about every three years. 
Prior to 1979 the Fleet Material Support Office (FMSO) was 
responsible for development of the TARSLL model and 
production of the actual load list. The production function 
is now th2 responsibility of the Ship's Parts Control Center 
(SPCC). 





B. PeveebEMS WITH THE 1977 AD/AR TARSLL 

The AD/AR TARSLL developed in 1977 for the Atlantic 
fleet had a per ship range of about 13,000 different line 
items and a per ship value over $750,000. In August 1979 the 
Commander Naval Surface Force Atlantic Fleet (the type 
commander for Atlantic fleet tenders and repair ships) 
critized the 1977 AD/AR TARSLL for not being responsive to 
fleet needs. In particular he clained that over 9000 of the 
load list items had no demand for two years. The current 
model is about 16 years old and has not undergone a complete 
analytic review since inception, although there have been 
several interim chang2s to correct apparent deficiencies. 
Some people involved in the development of tne 1980 TARSLL 
at SPCC have recommended several changes in the methodology 
and parameters used in the model prior to development of the 
1980 TARSLL. The more important changes concern the criteria 
for determining the range of items to pe carried, the 
essentiality of items, and the average quarterly demand for 
items without a demand history. FMSO has been tasked by the 
Naval Supoly Systems Command (NAVSUP) to review the AD/AR 
TARSLL development process and recommend procedural changes 
Mmoeetne 1960 load list. 


C. THESIS PURPOSE 

The purpose of this thesis 1s to detail the logical 
reasoning and mathematical theory used to develop the 1977 
AD/AR TARSLL, including an analysis of the data development, 
the mathematical inventory model and procedures used, and 
various assumptions and constraints applied during the 
process. Actual demand history for the six AD/AR*'s in the 
Atlantic fleet for a two year period from 1977 to 1979 will 
be used to evaluate the effectiveness of the load list. The 
effects of certain assumptions in the model on the load list 
Will be analyzed. The proposed changes for the 1980 TARSLL 





will be incorporated in the 1977 TARSLL and evaluated. Also, 
alternative models and methods of load list development will 
be proposed and evaluated. The scope of this thesis has been 
coordinated with FMSO to support their efforts in improving 
the 1980 AD/AR TARSLL. 





It. GENERAL DESCRIPTION OF TARSLL DEVELOPMENT 


A. GENERAL DESCRIPTION OF THE INVENTORY 

There are two distinct categories of items considered in 
the development of the TARSLL. The first category is 
equipment related (ER) items which are load list candidates 
based on their identification. to an equipment or component 
to be supported by the tender's repair capability. The other 
category is non-equipment related (NER) items which are load 
list candidates based on demand. If an item does not meet 
the criteria to be an ER candidate, but does have industrial 
demand reported in the last two years by a tender or repair 
ship to be supported by the load list, then this item is 
designated an NER candidate. 


B. EQUIPMENT SUPPORT DETERMINATION 

The first step in determining the ER candidate items is 
to list the ships by hull type and number to be supported by 
the tenders and repair ships of each fleet. This is called 
the hull mix. Once it is established, SPCC retrieves fron 
its master files ali Allowance Parts Lists (APL*s) 
applicable to the hull mix. These APL‘*s are then filtered 
through 2 component cut which basically eliminates from 
further consideration any APL*s that are not applicable to 
at least seven ships in the hull mix. Of course the type 
Commander can override the component cut for any APL. The 
repair parts appearing on the candidate APL*s are then 
screened to eliminate those items that cannot be installed 
at the tender or repair ship level. The remaining items, 
plus any other identified by the type commander, become the 
ER candidate repair parts. During this last screening, the 
total quantity of each item installed in the supported ships 


is accumulated along with the lowest level at which the iten 
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can be installed, 1.e. either the load activity or the 
Supported ship. Once the ER candidate items are identified, 
the SPCC master data files are entered to obtain additional 
information about PuecmeLtem, including price, mininmuno 
replacement quantity, and Best Replacement Factor (BRF). The 


meaning and use of the BRF will be explained later. 


C. INPUT DEVELOPMENT 

The n2xt step is the retrieval of the historical demand 
data for these items. Destroyer Tenders and repair Ships are 
apart of the Mobile Logistic Support Porce (MLSF) and as 
such are required to report their parts demand monthly to 
SPCC. SPCC retains this data for 24 months on th2 MLSF 
demand file. In the retrieval process the 24 months of 
demand history for each item is summarized as eight quarters 
of demand quantity (number of units demanded) and demand 
frequency (number of times demanded). Only those demands 
identified for use in Support of the tender or repair ship's 
iniustrial mission are extracted from the MLSF demand file. 
Additionally those items on the demand file that did not 
qualify as ER candidates are classified as NER candidates 
and their demand history is summarized as was done for tne 


ER candidates. 


D. RANGE AND DEPTH DETERMINATION 

To determine the variety of items to be stocked, the 
model applies a range cut; that is, any item that has 
anticipated demand in the next two years greater than a 
specific level (the range cut parameter) will be stocked, 
and any item with anticipated demand less than tne range cut 
parameter will not be _ stocked, subject of course to 
individual item quantity overrides. The range cut really 
determines the line items to be carried on the TARSLL, 
while all other calculations only determine the depth to be 
stocked. [The range cut criterion is applied to each item as 


Ayal 





it is being considered by the model. If an item does not 
pass the range cut, and is not forced on the load list by an 
override, the total demand quantity and total frequency of 
demand are accumulated, and then the next candidate is 
considered. If an item passes the range cut, it proceeds to 
the depth calculation. The model that is used for depth 
determination is a varliable-protection-level, 
single-period-constrained, inventory model. The objective 
function is to minimize the total essentiality-weighted cost 
of the load, subject to the constraint that requisition 
effectiveness be at least 85 percent. Essentiality-weighted 
cost is used in the objective function to provide increased 
depth for more essential items in a wartime environment. The 
problem is solved by an iterative process based on a 
Lagrange multiplier approach. The variable input risk 
parameter (the Lagrange multiplier) is set and the 
essentiality-weighted cost equation is solved for the risk 
factor. The stock level for each item is set by using the 
risk factor to adjust the predicted demand, which is assumed 
to be normally distributed, subject to various constraints. 
After these preliminary stock levels are set, a prediction 
routine is run to estimate the net requisition 
effectiveness. If the desired 85 percent effectiveness is 
achieved, then the TARSLL is set. If the desired 
effectiveness is not achieved, then a new risk parameter is 


input and the process is repeated. 


E. TARSLE IMPLEMENTATION 

Once the load list has been determined by the computer 
model, a series of listings are output for review by SPCC. 
These listings allow an analyst to review the load list in 
several different forms to determine if additional items 
Should be deleted from the TARSLL based on quantity, price, 
or demand frequency. After these "post model" changes have 


been made, the financial statistics for the final TARSLL are 
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forwarded to NAVSUP for approval. Upon approval, a tape with 
the load list items and all data necessary for 
requisitioning is provided to each load list carrying 
activity. There it is merged with other "ship's stock" to 
determine the quantity to be ordered. Throughout the life of 
the TARSLL, adjustments can be made by individual ships 
based on actual demand. Additional items may be stocked if 
there are four demands in 12 months and additional 
quantities of a stocked item may be carried if certain 


quantity and frequency of demand criteria are met. 


ans 





Iit. DESCRIPTION OF THE INVENTORY MODEL 


The procedure described in this chapter is not the 
result of the rigorous application of inventory theory. 
Instead, it has evolved over time through the process of 
trial and error. There have been many patches made to 
correct apparent deficiencies in the model, as evidenced by 
the many overrides and constraints. Consequently, there is 
no theoretical discussion of the inventory model in the 
basic documentation for the process. The mathematical model 
presented later in this chapter, therefore, 1s necessarily 
the result of reverse derivation from the mechanics of the 
procedure. The model was derived to provide some insight 
into the »sbjectives and basic constraints of the procedure, 


and should be viewed from this perspective. 


A. FORECASTING EXPECTED DEMAND 

The first steps toward the determination of the range 
and depth of items to be carried on the TARSLL are the 
Computations of the average quarterly demand (AQD), the 
Standard deviation of demand (SIGMA), and the average 
requisition size (A). For items with demand history, AQD is 
the straight average of the eight quarters of demand. For 
items without any demand history, the Best Replacement 
Factor (BRF) for the item and its installed population are 
used to estimate the average quarterly demand. The BRF for 
each item is the expected number of times an item will 
require replacement in one year. Since the BRF is developed 
based on all usages of the item, it may not reflect the 
expected ceplacement rate in the equipments supported by the 
TARSLL. The following formula is used to determine the 
average quarterly demand: 

AQD = 1/4 BRF [(ROPs x K2) + (POPt x K3)]| 
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POPs is the fleet population of the item that is 
installable at thé organizational (shipboard) level; 


POPt is the fleet population of the item that is 
lnstallable at no lower than the tender level; 


K2 is the fraction of the item's population installable 
at the organizational level that is to be supported 
by the tender; 

K3 is the fraction of the item's population that can be 
installed at the tender level that is to. be 
Supported by the tender. 

K2 and K3 indicate the probability that the tender or repair 
ship will see a demand for parts installable at the 
different levels of maintenance. The value of K2 is set to 
be 0.1. This means that a tender or repair ship should 
replace a part installable at the organizational lev2l only 
10 percent of the time the part fails. The value of K3 is 
set at .33 which means that a tender or repair ship should 
replace a part installable at no lower than the tender level 
33 percent of the time. If AQD computes to zero then a value 
of 0.001 is used. The standard deviation for items with 


demand history is computed as follows: 


al 
. v6 
SIGMA= = (Di - AQD) ,where 


Di is the demand for quarter i. 

For items with no demand history SIGMA is taken to be 
1.6xAQD if AQD is greater than or equal to 1.0 and 2.1xAQD 
Otherwise. If AQD was forced to be 0.001 then SIGMA is 
forced to be 0.0001. The average quarterly demand and the 
standard deviation are then supposed to be factored by the 
number of ships uSing the TARSLL to reduce demand data fron 
an ocean level to an individual ship level. In the 
development of the 1977 TARSLL, however, there was no 
factoring of either AQD or SIGMA. For items with demand 
history, the average requisition size, A, is equal to the 
total demand quantity divided by the total demand frequency. 
For all other items, A is set to one. 


Ls 





B. RANGE CUT PROCESS 

Once the AQD has been predicted, the range of items to 
be carried can be determined. This 1s done by the range cut 
process which is distinct from the depth determination 
process. If an item has a predicted two-year demand (8xAQD) 
greater than or equal to the range cut value, the item is 
stocked. Itherwise, 1t 1s not stocked. An item passing the 
range cut then goes to the depth computation. However, 
should the computed depth be less than one, the range cut 
process forces the load-list quantity to be one. 


Peon LERMINING ESSENTIALITY 

To determine the depth of an item, its essentiality must 
first be computed. For items without demand history, i.e. 
demand was estimated by the BRF method, the essentiality 


factor E is computed by the following equation: 


- (116-MECs) ALPHs - (58-MECt) ALPRt 
E= e | + POPt x Kt x e 
POPs + DP 


POPs is the fleet population of the item that is 
installable at the organizational level; 


POPt is the fleet population of the item that 1s 
installable at no lower than the tender level; 


KS is a arameter used to weight the applications 

installable at the organizational level (value < 1); 
Kt ais a arameter used to weight the applications 
pase + able at no lower than the tender level (value 


MECs 15 the military essentiality code of those items 
installable at the organizational level (maxinun 
value is 116); 


MECt 1s the military essentialit code for those items 
installable at no_ lower han the tender level 
(maximum value is 58); 


ALPHS iS a _parameter used to control the range of 
essentiality Pon items installable at the 
Oocganizational level (equals .12); 

ALPHt iS a _parameter used to control the range of 
Bocceta ety for items installable at no lower than 
the tender level (equals .12). 


Ks and Kt indicate the relative essentiality of parts 
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installable atthe different levels of maintenance. The 
current values of Ks and Kt are .67 and 1.0 respectively, 
indicating that parts installable at no lower than the 
tender level are 50 percent more essential to the tender's 
repair mission than are parts installable at the 
Organizational level. It should be noted that, in all cases, 
the value of E computed by the above equation will be less 
than one. Should E compute to zero, then a default value, 
which is currentiy unity, is used. For items that have 
average quarterly demand estimated from historical data, AQD 
is used as the measure of essentiality (i.e. E=AQD). This is 
designed to increase the depth of items with historical 
demand, since the range cut forces the AQD to be greater 


than one. 


D. COMPUTING LOAD LIST QUANTITIES 

Once these variables have been determined, they become 
inputs to the depth computation, which is the only place 
where the mathematics of the single period constrained 


inventory model is used. The assumed model is : 
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Ci is the unit cost for item i; 

Ei is the essentiality for item i; 

Zi is the quantity stocked of item i; 

Ui is the average quarterly demand for item i; 

Vi is the average quarterly units short for item 1; 

Al ils the average requisition size for item i. 
The solution of this model is by the Lagrange multiplier 
method. Assuming a normal distribution for demand, the 


following equations are obtained: 
= 
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®@ is the Lagrange multiplier 
Sil is the standard deviation for item i; 
@ is the density of the normal distribution; 


1s the cumulative distributiion function of the normal 
distribution. 


Equations 1. and 2. must be solved simultaneously for Zi and 
0. The iterative approach is used for solution. The Lagrange 
multiplier is fixed, the quantities Zi are computed for each 
it2m uSing equation 1, and then equation 2 is solved to 
determine effectiveness. The Lagrange multiplier is changed 
and new Zi ar2 computed until constraint equation 2 is 
Satisfied. 

The controlling term in the solution of the model is the 
Lagrange multiplier. in the TARSLL computations, the risk 
parameter A is defined as 1/0 and the following is called 
the risk equation: 

P = ACA/E where p is the "risk" 
A guick look at the tern a) = > (Pp) will explain why p 
is referred to as the risk. The risk is the probability that 
demand will be greater than the value t = o (p) as 


determined from a normal distribution. 


t 
Since p is a probability, it must be greater than zero but 
less than one. The solution of the risk equaticn is’ the 
First step in determining the depth of an item. As mentioned 
earlier, the risk parameter is set for each iteration and 
the cost, average requisition size and essentiality are 
Known constants for each iten. However, there is no 
guarantee that the solution of the risk equation will result 
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in a number in this range. Therefore, the value of pis 
constrained to be between 0 and 1. 

After the risk p is determined, the normal distribution 
is used to determine the number t such that the probability 
that demand is greater than t is the risk. That is, t= (p) . 
The depth Z is determined from the equation 

Z = AQD + SIGMA x t 
It should be noted that t can be either positive or 
negative. Thus depending on the risk allowed, t standard 
deviations of demand can either be added to or subtracted 
from the average quarterly demand in computing depth. This 
preliminary depth is then rounded and subjected to several 


restrictions to give the final load list quantity. 


E. QUANTITY CONSTRAINTS 

The primary constraint is the minimum quantity (one) 
specified by the trange cut criterion. Other quantity 
restrictions are minimum, maximum, mandatory, and exclusion 
overrides applied to specific items. These are used to set 
upper or lower limits on the quantity to be carried or to 
Specify a mandatory quantity. An exclusion override is a 
special case of the mandatory override in which the quantity 
is zero. Quantity overrides are usually identified prior to 
the running of the model. One of the more common overrides 
1s a maximum quantity override. specified by the fleet 
because of volume constraints. The next restiction is that 
no less than one dollar's worth of the item will be stocked. 
1l.e. the guantity is increased such that the extended dollar 
value is greater than $1.00. Another restiction is that the 
Change in the load-list quantity must exceed 25 percent 
before the load list will be adjusted to the new quantity. 
This is to eliminate the handling costs associatec with 
small quantity changes. The new load-list quantity must also 
be in even multiples of the item's minimum replacement unit 


(MRU). The MRU reflects the minimum number of units 
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required to perform a task and may vary among APL's. The MRU 
for any item is the maximum of the MRU's appearing on the 
applicable APL's. Finally, for items without historical 
demand, the load list guantity is constrained to be less 
than 50 units and have an extended value less than $100. 
This constraint is designed to prevent the stocking of an 
excessive quantity or dollar value of an item based on an 


erroneous BRF esStimate of demand. 


Pee DEFECT IVENSESS PREDICTION 

After the item quantity is determined, preliminary 
statistics concerning the item are accumulated. These 
statistics include a tally of the various overrides and 
restrictions applied, the method of estimating demand, and 
the extended dollar value of the item. The predicted 
quarterly demand quantity and frequency and the number of 
units and requisitions satisfied are also accumulated. These 
last statistics will be used to predict load ast 
effectiveness after all candidate items have been processed. 
The number of units satisfied is estimated by assuming a 
normal distribution of demand to estimate the units short 
and subtracting this from the estimated average quarterly 
demand. The following formula is used to predict the units 
Short: 


Units Short = § [ 3 a) - (222) a4) | 
The predicted units short 1S constrained to be greater than 
zero, but less than or egual to the average quarterly 
demand, to prevent absurdities from entering the statistics. 
Similarly, requisitions satisfied is the difference between 
the quarterly demand frequency and the requisitions short. 
The requisitions short is computed by dividing the units 
Short by the average reguisition size. 

After each candidate has been evaluated py the model to 
determine its load list quantity and the associated 
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Statistics, a final computation of effectiveness is made. 
Net unit and requisition effectiveness are calculated by 
@ividing the total units and requisitions satisfied by the 
total demand quantity and frequency, respectively, for load 
list items. Gross unit and requisition effectiveness are 
Similarly computed except that non-load-list demands are 
also included. If the net requisition effectiveness meets 
the 85 percent goal then the optimal load list quantities 
have been determined. If requisition effectiveness is less 
than 85 percent then a new risk parameter smaller than the 
last X is picked (i.e. less risk), and the model is rerun 
for all candidate items. If effectiveness 1S significantly 
more than 85 percent, then too much money 1s being spent for 
the desired effectiveness, andthe load is reduced by 
picking a larger A (i.e. more risk). Each successive run of 
the model is analyzed, andthe risk parameter 1s changed 
until the predicted effectiveness is within tolerance of the 


desired effectiveness. 
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ives ANALYSIS OF THE 1977 AD/AR TARSLI INVENTORY MODEL 


meeelaus BASIC TARSLL 

The first step in analyzing the 1977 TARSLL was to 
develop the basic load list. A detailed flow chart of the 
TARSLL computer program obtained from FMSO was used to 
develop a FORTRAN program of the TARSLL model. In addition 
to the normal range, dollar value, and effectiveness 
statistics normally output, the program was modified to 
provide the distributions of essentiality, average quarterly 
demand (AJD), average requisition size (ARS), cost, and load 
list quantity. The input to this program was obtained from 
SPCC's files and included the parameter values and input 
tapes of the candidate items used to run the 1977 TARSLL. 
The results given in Appendix A were obtained from a run of 
the program. The load list range of 13,217 line items and 
value of $760,671 are comparable to the final 1977 TARSLL 
that went to the fleet. Of interest is the fact that no 
quantity overrides were applied to any items. Also the 85 
percent effectiveness criterion was not met (see Figure 1). 
This presented no problem for this analysis since this 
TARSLL serves only as a baseline of comparison for other 
models. Another interesting feature of the output is the 
observation that the distributions of AQD, ARS, cost, and 
depth all decayed at an exponential or greater rate. To 
accomodate this the logarithms of the quantities were used 
for graphing purposes (see Appendix A). Other aspects of the 
Output statistics will be discussed as they apply to 
different changes in the model. 


fer us 1 
; 1977 TARSLL 

Predicted ER NER TOTAL ACTUAL 
Net Unit. 84.50 68.84 78.66 78.63 
Gross Unit vile 24 58.08 66.32 59.18 
Net Regn Sra U4 45 42.72 61.61 
Gross fKegn 33.77 38.92 38.90 34.04 
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Be ACTUAL EFFECTIVENESS COMPUTATIONS 

To determine the true effectiveness of the 1977 TARSLL, 
and to evaluate the effects of various changes to the nodel, 
24 months of demand history from the MLSF data file were 
retrieved. The data was for the period October 1977 to 
September 1979, and included all of the demand data for the 
5 currently active AD's and the only currently active AR in 
the Atlantic fleet. For the effectiveness computations the 
24 months of data were divided into 22 consecutive 
overlapping quarters, 1.e. September, October, November 1977 
was the first gquarter; October, November, December 1977 was 
the second guarter; November, December 1977, January 1978 
was the third quarter; etc. Each of the six load 11ist ships 
Carried the same load, andno ailowance was made for 
demand-based changes to the load list. The load list was 
considered *o be 100 percent on board at the beginning of 
each quarter and was not resupplied during tne guarter. This 
was done to simulate the 90 day wartime environment. Net and 
gross unit effectiveness and net and gross requisition 
effectiveness were computed for each of the 22 quarters for 
each tender or repair ship. These were then averaged to give 
the fleet effectiveness by quarter. Unit effectiveness is 
the simple average of the number of units satisfied bya 
tender or repair ship ina three month period divided by the 
number of units demanded inthe same period. For net 
effectiveness, only demands for items on the TARSLL are 
included am the computations, whereas for gross 
effectiveness all damands are counted. [In computing 
requisition effectiveness, each data element is considered a 
reguisition, and a requisition which is only partially 
filled is considered not filled. Requisition effectiveness 
is then computed as the ratio of requisitions filled divided 
by the total reguisitions in a three month period. 
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The first item of interest to be examined in the output 
of the historical effectiveness computations (see Appendix 
B) was the relative effectiveness of the load list on the 
five tenders and one repair ship. No single tender was 
better or worse across all four measures of effectiveness 
than the other tenders. The repair Ship, however, was worse 
in all measures than each tender, averaging “about ten 
percent below the mean. Even so, the total variation in 
effectiveness was small. The standard deviation was less 
than 3 percent for net effectiveness and less than 5 percent 
for gross effectiveness. These results held for all 
effectiveness computations for all variations of the TARSLL 
model. Therefore only the fleet-wide summary statistics will 
be used in subsequent comparisons of different models. 

The effectiveness results wer? also examined to see if 
there was a serious degradation in effectiveness over time. 
It was obvious that some degradation was occurring over the 
two-year period, but the amount was less than 5 percent 
across all measures of effectiveness (see Appendix B). This 
indicates that the current policy of developing a new TARSLL 
every 3 years is adeguate to provide the desired 
performance. 

The last analysis considered the interrelationships 
among the four measures of effectiveness, and the 
relationship between the predictions made by the TARSLL 
program and th2 four actual measures of effectiveness. As 
expected, the net effectiveness measures were Significantly 
higher than the gross effectiveness measures, and unit 
effectiveness was better than requisition effectiveness. All 
of the effectiveness measures were within 5 percentage 
points of the predicted values except net requisition 
effectiveness (see Figure 1). These results were not too 
surprising although the actual net unit effectiveness was 


Closer to the predicted value than had been expected, based 
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on the type commander's comments. The closeness of the 
predicted and actual effectiveness measures indicates that 
the composition of the 1977-1979 data is similar to the two 
years (1975-1976) of data used t9 develop the TARSLL. The 
big surprise was the size of the difference between actual 
and predicted net requisition effectiveness. The difference 
of almost 20 percentage points indicates that net 
requisition effectiveness may not be a good goal for the 
model. This will be investigated further as different models 


are applied. 


C. ESSENITIALITY DETERMINATION 

The first change to the model to be investigated 
concerns the determination of essentiality. As described 
previously, the 1977 TARSLL used the AQD for essentiality 
for all items with a demand history and used an essentiality 
factor between O and 1 computed fron the Military 
Essentiality Codes for all other items. The proposed change 
is to use the predicted AQD as the measure of essentiality 
for all items. Since the BRF method was not considered as 
reliable an estimate of future demand as historical data, a 
larger risk of stockout was allowed for items without 
historical demand. This was accomplished by using the 
smaller essentiality factor computed from the MEC's. Because 
essentiality appears in the denominator of the risk 
equation, a decrease in its value increases the risk of 
Stockout. An analysis of the MLSF data (see Appendix C) 
reveals, however, that for the maitority of the items, 
historical demand may be no better an estimate of future 
demand than the BRF computation. Almost half of the MLSF 
items appeared only once, and 77 percent appeared 3 times or 
less. This low demand frequency over a two year period nakes 
the problem of predicting the number of demands in a period 
very difficult. With the increased confidence in the BRF 


recently shown by SPCC, the essentiality factor was changed 
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to the AQD for all candidate items for the 1980 TARSLL. This 
increased the essentiality for items without historical 
demand from an average value of .67 (see Appendix A) to over 
1.5 (forced by the range cut). The resulting decrease in 
risk will increase the depth of items with high predicted 
demand and reduce the number of maximum risk constrained 
items. The result should be increased net effectiveness. 
When this change is made to the model, the cost of ER items 
increases from $375,744 to $435,236, and the distribution of 
the depth of the load list items shifts upward (see Appendix 
D). The number of ER items with a maximum risk constraint 
decreased from 2778 to 13863, but the number of minimum risk 
constrained items increased from 1237 to 2899, confirming 
the general risk shift due to the esséntiality change. A 
total of 22,792 units were added. The predicted unit 
effectiveness showed modest increases of 3 to 5 percent (see 
Figure 2). Requisition effectiveness, however, showed large 
gains, With net reguisition effectiveness increasing 
dramatically. Of course the key question is whether the 
actual effectiveness showed a corresponding increase. 
Unfortunately this was not the case, as all four of the 
effectiveness measures increased only slightly. 1Thus the 
smail increase in depth and dollar cost frem this change 
do@?s not significantly improve actual effectiveness. It 
does, however, Pring the requisition effectiveness 


predictions much closer to the actual figures. 


Figure 2 
1977 TARSLL _E = AQD 
; Predicted Actual Predicted Actual 
Net Unit. 78.66 78.63 Se I 78.69 
Gross Unit 66.32 a)Si5 i) 69.99 Doan 
Net Regn 42.72 Galion CieleTice: 62.05 
Gross Regn 38.90 34.02 AP B42 > 


Ds iMPACT OF THE K3 FACTOR 
The next change to be investigated was the change of the 
K3 factor from .33 to .6. K3 is used in the BRF method of 


computing AQD to indicate the percent of items installable 
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at no lower than the tender level that are likely to be 
installed by a tender or repair ship. The value of .33 was 
chosen when tenders and -repair ships had separate load 
lists. Since tenders are one of three activities (tenders, 
repair ships, and shipyards) that can install the part, the 
likelyhood is .33 that it would install the part. With the 
introduction to the fleet of larger and more capable 
tenders, most of the repair ships were decommissioned, and 
their share of the workload was split between the tenders 
and shipyards. The reduction‘in repair ships also brought 
about amerger of the AD and AR load lists. When this 
happened, though, the likelihood value of .33 was not 
changed. The new value of .6 for K3 is designed to represent 
this merger of the AD and AR TARSLL's and the new split in 
workload between tenders and shipyards. This change to the 
model, however, is more of a theoretical purification than 
an actual substantive change. The change resulted in a small 
increase in the number of units carried, and a corresponding 
increase of only $6000 in total load list cost (see Appendix 
E). The predicted effectiveness dropped slightly across all 
measures sf effectiveness, and actual effectiveness remained 
about the same (see Figure 3). This is due to the higher 
demand predicted for most ER items. Again, there was a large 
disparity of over 20 percentage points between predicted and 


actual net requisition effectiveness. 


Beebe 3 

1977 TARSLL MODEL WITH K3=.6 
; Predicted Actual Predicted Actual 

Net Unit. 78.66 78.63 77.66 78.63 

Gross Unit 66.32 Shela 65.57 59516 

Net Regn 42.72 61.6) 39.83 61.61 

Gross kKegn 38.90 34.02 36.56 34.04 


E. RANGE DETERMINATION 

The range cut had the greatest affect on the TARSLL. 
Without changing this factor there can be no change in the 
line items being carried. The Commander, Naval Surface 


Forces Atlantic Fleet has specified the number of line items 
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to be about 15,000. This number is derived based on past 
experience to provide an adequate balance between the range 
of items carried and the number of items that have no 
demand. This is also used to meet the volume constraints 
aboard the tenders and repair ships. The range-cut factor 
used in the development of the 1977 AD/AR TARSLL was 12. 
This means that an item had to have predicted demand of 12 
units in eight quarters to be carried. This is equivalent to 
an AQD of 1.5. Less than 7 percent of the ER and 25 percent 
of the NER items satisfied this very restrictive criterion. 
The two options of interest are 1) a range cut of 4 
(AQD=.5); and 2) no range cut. The range cut of 4 has been 
suggested for the 1980 TARSLL, and the "no-range-cut" option 
is used for FBM submarine tenders. 

Because a range cut of 4 forces onto the load list any 
item with an AQD greater than 0.5, the number of line items 
carried nearly doubled to a total of 25,226 items, with 
272195 of these at a depth of one. The distribution of depth 
was essentially unchanged above 10 units, with the total 
number of units increasing only 7 percent (see Appendix F). 
The total cost of the load list also doubled to over $1.5 
Million. Interestingly, over 85 percent of the increase in 
both line items and cost came from ER items, with two-thirds 
of those using the BRF method of predicting demand (see 
Appendix D). The results of the effectiveness predictions 
were interesting because net unit effectiveness decreased 
While net reguisition effectiveness increased (see Figure 
4), indicating that the unit effectiveness for the added 
items was less than for those in the base TARSLL, but that 
the average requisition sizes were smaller and yielded 
better requisition effectiveness. AS was expected, both 
gross unit and gross requisition effectiveness increased 
Slightly. Even more interesting were the results of the 


actual effectiveness computations. The gross effectiveness 
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measures both increased slightly but the net effectiveness 
measures both decreased slightly (see Figure 4). Therefore, 


this range cut does not seem justified. 


Figure 4 
1977 TARSLL ieee 

Predicted Actual Predicted Actual 
Net Unit. 78.66 78.63 Teo. ile2 8 
Gross Unit 66.32 Sorel 68.17 Jo 
Net oe. 42.72 61.61 45.07 38.01 
Gross Kegn oreo O 34.02 36.56 34.04 
There are two aspects of th2 no-range-cut option that 


affect the load list. The first is that items are not 
required to have a minimum predicted AQD to be considered by 
the model as candidates for inclusion in the load list. The 
second, and perhaps more important, fact is that no items 
are forced on the load list. The results of eliminating the 
range cut are startling. A total of 19,915 items are carried 
cn this load list. The number of ER items nearly doubled, 
but the number of NER items dropped by over a third. The 
depth of the line items carried also showed a significant 
increase with less than half of the number of items stocked 
at the level of one. All other depths less than 10 had large 
increases, but above 10 units there was very little change. 
This resulted in only a 13 percent increase in the total 
number of units carried. The greatest change was in the cost 
of the load list. Despite the large increase in the number 
of items carried, the dollar value was half that of the base 
TARSLL (see Appendix G). The predicted effectiveness 
improved significantly with net requisition effectiveness 
nearly doubling. Actual effectiveness gains were not so 
dramatic. Net requisition effectiveness was the only measure 
which had an increase over 3 percentage points (see Figure 
5). That net requisition effectiveness went from a value 
considerably below actual effectiveness in the base TARSLL 
to a value slightly above actual in the no-range-cut load 
list is particularly noteworthy. This again points to the 
unreliability of predicted net requisition effectiveness as 
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a measure of actual load list effectiveness. Thus, despite 
the large number of line items carried, the no-range-cut 
option deserves further investigation because it produces 


generally better effectiveness at a much lower cost. 


Pigure 5 
1977 TARSLL MODEL WITH RC=0 
Predicted Actual Predicted Actual 
Net Unit. 78.66 13.63 90.86 Sl. o7 
Gross Unit -: 66.32 59.17 67.90 59.28 
Net Regn 42.72 ot.0 1 80.69 76.14 
Gross eqn 38.90 34.02 65.95 32.40 


A simple modification to the no-range-cut option would 
be the addition of a constraint that requires an item have 
mmeep Of at least 0.5 in order to be carried. This is 
essentially equivalent to requiring a range cut of four 
except that no items would be forced on the load list, since 
the items with an AQD less than 0.5 would be the only items 
eliminated from consideration, the results of this 
modification should be a general reduction in the number of 
line items carried without a significant reduction in 
effectiveness. This is in fact what happens (see Appendix 
H). The number of line items drops to 13,477, just slightly 
more than the base TARSLL number. The greatest decrease is 
in the number of items with a depth of one or two from 4505 
to 2251 line items. The total number of units also drops to 
only 5.3 percent above the base TARSLL. The total load-list 
cost drops only slightly to $366,755, but is still less than 
half the cost of the base TARSLL. A quick look at the cost 
distributions for these two load lists explains the 
difference. The cost of about 72 percent of the items on the 
1977 TARSLL was less than five dollars each, but the rest of 
the items ranged to a maximum of $34,780, including 85 items 
over $600 each. In contrast, over 97 percent of this 
modified no-range-cut load list had a cost of less than five 
dollars and no item cost more than $286. In comparison to 
the no-~range-cut option, the predicted effectiveness drops 


Slightly but actual effectiveness remains about the same In 
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comparison to the basic TARSLL nodel with a range cut of 12, 
this load list has about the same number of line items and 
total units at less than half the cost, yet with generally 
better effectiveness (se? Figure 6). Therefore this range 
cut modification appears to be a Significant improvement 


over the current range cut procedure. 


Figure 
1977 TARSLUL 2 MODIFIED RC=0 MODEL 
Predicted Actual Predicted Actual 
Net Unit. 78.66 163 love. 90.82 81.76 
Gross Unit 66.32 Doel! 67.34 So 
Net Regn 42.72 61.61 USS 2 ors Ge 
Gross kKegn 38.90 34.02 63.68 ai. 70 


PoaeeorrECITIVENESS CRITERIA 

As noted previously, the predicted net requisition 
ffectiveness can fluctuate widely without corresponding 
fluctuations in the actual net reguisition effectiveness. A 
Similar but more stable measure of effectiveness is the net 
unit effectiveness. This measure did not vary as much 
throughout the many changes, and its predicted and actual 
values were fairly close. Net unit effectiveness also has an 
intuitive appeal. Since tender peacetime industrial work 
often involves the overhaul of equipment, more units of a 
line item may be used than would be necessary for the basic 
repair job that would be accomplished in a wartime 
environment. Also, the wide variances in the distribution of 
average requisition size tor the MLSF demand data (see 
Appendix B) indicate that one requisition may not’ be used 
for only one job. Although half of the items have an ARS of 
5 units or less, over 85 units have an ARS greater than 600 
units and one item has an ARS of 25,250 units. Thus unit 
effectiveness may be a better indicator of load list 
performance. A change in the performance measure, however, 
necessitates achange in the mathematical model. In the 
basic TARSLL model the risk equation is 

p = \CA/E 

The "A" or average reguisition size appears in the equation 
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because 9f the constraint of 85 percent net requisition 
effectiveness. With the change to the unit effectiveness 
measure, A disappears. This is the same as setting A=1 for 
all items, which is done for those items that use the BRF 
computation to estimate demand. Therefore this change only 
affects the depth of those items with historical data based 
demand predictions. Setting A=1 for the depth computation 
will reduce the risk and correspondingly increase the depth 
on those items. The result is a large increase in the depth 
and cost of these items. The number of units carried jumps 
to 815,202 and the cost increases by $640,000 to over $1.4 
Million (see Appendix I). Actual and predicted effectiveness 
increased for all four effectiveness measures. The iargest 
increase was found in actual net requisition effectiveness 
which increased over 15 percentage points (see Figure 7). 
Thus a change in the measure of effectiveness to net unit 
effectiveness results ina significant improvement in all 
effectiveness measures, but at a correspondingly large 


mierease in cost. 


Figure 7 
1977 TARSLL MODEL WITH A=1 
. Predicted Actual Predietod Ae uua 
Net Unit. 78.66 78.63 59.0 1 84.68 
Gross Unit 66.32 ays eli 75. 01 63.64 
Net Regn 42.72 61.61 46.63 Gre et 
Gross Reqn 38.90 34.02 42.46 41.93 
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Ve. ALTERNATIVE MODELS 


A. MODIFIED 1980 TARSLL MODEL 

As mentioned previously, several changes have been 
incorporated into the 1980 TARSLL model. These are the use 
of AQD as the measure of essentiality, K3 equal to .6, anda 
range cut of 4. To determine their cumulative effect, these 
changes were incorporated into the 1977 TARSLL mnodel. The 
range cut criterion was modified so that items passing the 
range cut were not forced onto the load list. This was done 
because, as discussed in chapter 4, the normal tcange cut 
procedure would have resulted in a range of over 25,000 line 
items, far exceeding the 15,000 line item target set by the 
type commander. This model results in a load list with 
15,166 line items at a cost of $444,311 (see Appendix J). 
This 40 percent cost reduction from the 1977 TARSLL was 
achieved despite a 10 percent increase in the total units 
Carried by eliminating any item with a unit cost over $286. 
The cost distribution for this model is nearly identical to 
the modified no-range-cut model. As expected there are large 
increases in both predicted and actual effectiveness (see 


Figure 8). The predicted effectiveness results were better 


Figure 8 
1977 TARSLL 1980 TARSLL 

: Predicted Actual Predicted Actual 

Net Unit. 78.66 78.63 om. 7 6 81.73 

Gross Unit 66.32 Sos 71.18 99.17 

Net Regn 2g 61.61 88.40 76.70 

Gross Kegn Boe90 34.02 TOGO 7 32.07 
than the cesults obtained when each of the three changes was 
implemented separately. The results of the actual 


effectiveness computations were similar to the modified 
no-range-cut results. This is not surprising since the only 
one of the three changes that had a significant impact on 


actual effectiveness was the range cut change. In light of 
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the improved net effectiveness and the significantly lower 


cost of this model, the changes appear warranted. 


Be FBM SUBMARINE TENDER MODEL 

Tenders supporting FBM submarines (AS-FBM) use a model 
that is slightly different from the 1977 TARSLL model. Two 
differences that have already been discussed are the use of 
AQD for determining essentiality, and the use of no range 
Ge. A third difference 1s the use of the Poisson 
distribution to represent demand for items with a low AQD. 
fhe Poisson distribution is coamonly used in inventory 
models t> represent independent demandS occurring at a 
constant cate. In inventory situations at SPCC, the Poisson 
distribution is only used up to a demand of 10 units because 
of the computational problems resulting from the iterative 
process used to determine the probability of demand. Above 
10 units the normal distribution is used with the central 
limit theorem offered as justification. The no-range-cut 
procedure was modified to allow for consideration only of 
items with AQD greater than 0.5. This is the same 
modification that produced significant improvement in the 
1977 TARSLL. It also results in th® same range-cut criterion 
that was used in the 1980 TARSLL model examined above. This 
makes analysis of the effects of the Poisson distribution 
easier, since now the only difference between the AS-FBM 
model and the 1980 TARSLL model discussed above is the use 
of the Poisson distribution. The use of the Poisson 
distribution produced unusual results (see Appendix MK). 
Compared to the 1980 TARSLL, the AS-FBM model had a 
Significant increase in the number of line items to 16,225. 
The total number of units, however, decreased slightly to 
685,010. This was due predominantly to a substantial 
reduction in the number of items with a depth of between 20 
and 40 units, and an increase in the number of items with a 
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depth of up to five units. Despite the decrease in tctal 
units, the load list cost increased by 25 percent. This 
resulted from carrying many more high priced items, 
including one that cost $34,780. The effectiveness 
predictions improved slightly in all areas except net unit 
effectiveness, which remained essentially the same (see 
Figure 9). Actual effectiveness, however, had the reverse 
trend. Gross requisition effectiveness , which had the 
largest predicted increase of nearly 5 percentage points, 
was the only measure to show an increase in actual 
effectiveness. The greatest decline was the Over 5 
percentage point drop experienced by net requisition 
effectiveness, which indicates that the predictions obtained 
uSing the Poisson distribution are misleading and do not 
represent the demand as well as the normal distribution. 
Thus, despite higher cost, this model does not perform as 
well as the modified 1980 TARSLL. 


Pigure 9 
AS-FBM MODEL 1980 TARSLL 
; Predicted Actual Predicted Actual 
Net Unit. 91.75 80.04 S57 6 S73 
Gross Unit 73.08 98.96 1 Vets Doel 
Net Regn nO 02 69.03 88.40 76.70 
Gross eqn US eee) 615 IES, 70.87 S207 


C. GAMMA DISTRIBUTION MODEL 

An alternative distribution that has greater flexibility 
in fitting empirical distribution curves is the ganma 
distribution. Using this distribution in the 1980 TARSLL 
model has a major lmpact on the size, cost, and 
effectiveness of the load list (see Appendix L). The number 
of line items carried is reduced to 13,704 and the total 
number af items carried 1s reduced to 616.616. 
Correspondingly, the dollar value of the load list is 
reduced to $330,514. Unfortunately, the predicted and actual 
effectiveness measures are also significantly lower than the 
1980 TARSLL effectiveness values (See Figure 10). Thus the 


gamma distribution does not appear to provide significantly 
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better results than the normal distribution. The gamma 
distribution is also more difficult to implement, increasing 
the computer time required to generate the load list by 


nearly 50 percent. 


eae 10 
MODEL WITH GAMMA DIST 1980 TARSLL 
Predicted Actual Predicted Actual 
Net Unit, 81.31 77.13 91.76 81.73 
Gross Unit 63.56 56.17 Lola es ay 
Net Regn 78.10 68.13 88.40 1o.7 0 
Gross Kegn 63.05 23.08 70587 B07 
One reason why neither the Poisson nor the gamma 


distribution improves the load-list effectiveness may be 
that the distribution is being fit to the wrong data. The 
constraint onthe basic TARSLL model is net requisition 
effectiveness of 85 percent. However, the distributions are 
being applied to the unit demand. The ARS factor is then 
applied to convert the unit demand data to requisition 
demand data. The proper procedure would be to fit the 
distribution to the actual demand frequency data. An 
alternative to this is to use a model that has unit 


effectivenes as its objective. 


D. UNITS SATISFIED MODEL 

A completely different approach to the model is to 
Maximize the unit demand satisfied, subject toa budget 
constraint. Since there is no formal budget constraint on 
tha AD/AR TARSLL, the value (K) of the modified 1980 TARSLL 
1s chosen for comparison purposes. This model can be 
expressed nathematicallv as: 


nr 
Maximize > Ui- Vi 
(=1 


Subject to > ci Zi = K 
ie | 


As with the basic TARSLL model, this problem is solved using 


a Lagrange multiplier approach. Assuming a normal 
distribution for demand, the following equations are 
obtained: 


3G 





=i 
1. Zi = Ui + 6 (0°Ci)Si 
3 a 
25 Se Ci=Zi = K 
ed | 


Equations 1. and 2. must be solved simultaneously for Zi and 
0. This leads to the same iterative solution procedure used 
for the basic TARSLL. The only difference is that now the 
risk equation is p=XC where A=8. The "A" term has dropped 
out of the TARSLL risk equation because units, not 
reguisitions, satisfied is being maximized. Similarly, the 
“E" term has been deleted because there is no essentiality 
weighting, i.e. one unit demand satisfied is as good as 
another. If unit effectiveness were maximized, the only 
difference would be a constant term representing the total 
demand. [he same results could have been obtained by 
Starting with the objective function to minimize total load 
list cost, sudject to the constraint that net unit 
effectiveness be greater than 85 percent. For comparison 
purposes, this model was implemented by changing the risk 
equation in the 1980 TARSLL model above to p= A-:C and- 
rerunning the program. For want of anything better, the 
value of the risk parameter was not changed even though the 
two parameters do not have the same interpretation. As 
expected, the results were not optimal. The cost of this 
load list was less than two-thirds the cost of the modified 
1980 TARSLL (see Appendix M). Even so, predicted and actual 
effectiveness were not much worse than the 1980 TARSLL (see 
Figure 11). Each of the actual unit effectiveness measures 
Was only about one percentage point lower. The seven 
percentage point shortfall in each of the requisition 
effectiveness measures caused a little more concern, but the 
outlook for significant gains was encouraging. There was one 
major drawback, however: the load list range of 16,382 items 
was already considerably above the 15,000 goal set for the 
TARSLL, and the total units of 711,678 was only slightly 
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less than the number on the 1980 TARSLL. Therefore, despite 
its significantly lower cost, this alternative did not 
satisfy the type commander's criteria as well as the 
modified 1980 TARSLL model. 


Figu 
UNETES SAT MODBL 1980 TARSLL 
. Predicted Actual Predicted Actual 
Net Unit. 90.12 80.52 91.76 81.73 
Gross Unit 68.05 58.47 71.18 Der ly 
Net Bean US ass) 69.598 88.40 76.70 
Gross eqn 63.54 25.97 70.87 32.07 


Ee. UNIT EFFECTIVENESS MODEL 

The last alternative to be explored was the application 
of the net unit effectiveness measure to the modified 1980 
TARSLL model. As described in chapter 4, the use of the unit 
effectiveness measure raguires setting A=1 in the risk 
equation. When this is-~ done, and the program rerun, 
impressive increases compared to the base 1980 TARSLL are 
Obtained in both predicted and actual effectiveness (see 
Figure 12). It should be noted that these actual 
effectiveness results ar2 similar to those obtained when 
this change is made to the 1977 TARSLL model. These 
effectiveness improvements are accompanied by a significant 
increase in the size and dollar value of the load list (see 
Appendix N). At 17,792 line items and 885,655 total units, 
this alternative load list is much larger than either the 
1977 unit effectiveness load list or the basic 1980 TARSLL. 
The cost of $1.1 million is over 20 percent less than the 
cost of the comparable 1977 model, but 1S still over twice 
the cost of the 1980 TARSLL. 


Figure 12 


Unit Effectiveness 1980 TARSLL 
Predicted Actua Predicted Actual 
Net Unit. 96.95 84.46 91.76 813/73 
Gross Unit 80.53 637290 71.18 yell 
Net Regn 90.13 81.43 88.40 LUST A®, 
Gross Keqn 76.51 41.44 vOce 7 32.07 


An interesting question is whether the large increases 
in the number of items and the dollar value are required to 


obtain the additional effectiveness. To answer this question 


38 





the unit effectiveness modification to the 1980 TARSLL was 
rerun with a larger risk parameter. The result was a 
Significant reduction in the number of line items to only 
9271, but the total number of units decrease only slightly 
to 764,941 (see Appendix 0). This was caused by the 
elimination of a large number of items with a depth of one 
or two. Although the load-list cost is reduced by over 50 
percent to $465,605, it is still slightly more than the cost 
of the 1980 TARSLL. Actual effectiveness decreases, however, 
were minimal (see Pigure 13). Thus this model provides 
Significantly better net effectiveness than the 1980 TARSLL 


moiel at only a slight increase in cost. 


_ Figure 13 
Unit Effectiveness 1980 TARSLL 
; Predicted Actual Predicted Actual 
Met Unit. 94.54 84.06 71.76 Ola 3 
Gross Unit 70.83 60.18 Uae! Sat? 
Net Regn 80.73 77.98 88.40 10.70 
Gross Keqn 57.95 25.54 70.87 Bicw0 7 


Spe! 





VI. CONCLUSIONS AND RECOMMENDATIONS 


The foregoing analysis of the 1977 AD/AR TARSLL examined 
the mathematics of the load list model and investigated 
proposed changes to the model. The conclusions to be drawn 
from this analysis can only be made with respect to the 1977 
AD/AR TARSLL. Recommendations to implement certain of these 
changes on the 1980 and subsequent AD/AR TARSLL'S are based 
on the conclusion that the demand data base is reasonably 
Stable. This was evident from the mininal degradation of 
effectiveness over the two years of demand data and the 
closeness of predicted and actual effectiveness 
computations. This stability also justifies the creation of 
a new load list every three years. 

The change to the use of the AQD as the measure of 
essentiality for all items has a marginal impact on the 1977 
AD/AR TARSLL. There was a modest increase in the size and 
dollar value of the load list. This was accompanied by an 
increase 9f less than one percentage point in each of the 
four actual effectiveness measures. The increase in the K3 
Mactor from .33 to .6 has Minimal impact on the load-list 
size, cost and effectiveness. Although the change is merely 
a theoretical purification of the TARSLL process it is 
justified. The current range~cut process is too restrictive 
and reduces the effectiveness of the mathematical inventory 
model. The proposed range cut of four demands in two years 
produces a load list that is twice as large and expensive as 
the 1977 TARSLL. However, even with these increases, net 
effectiveness decreases. Elimination of the range cut 
provides significant improvements in cost and effectiveness, 
but the cange of the load list is too large. Adding the 
Criterion that predicted demand must exceed four demands in 


two years for an item to be considered by the model reduces 
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the load list to the desired size, without significantly 
affecting effectiveness. The lmplementation of the 
essentiality, K3 factor, and range cut changes into the 1977 
AD/AR TARSLL resulted in dramatic improvements. The net 
effectiveness measures improved significantly, while the 
cost was reduced by 40 percent. Therefore, thése changes 
should be implemented in the 1980 AD/AR TARSLL. 

The use of different distributions to represent demand 
did not result in any major improvements over the use of the 
normal distribution. The use of the Poisson distribution 
produced a larger and more costly ilicad list with lower 
actual effectiveness. The gamma distribution produced a load 
list with lower cost, but also with correspondingly lower 
effectiveness. Without major improvements in either cost or 
effectiveness, the ease of application of the normal 
distribution makes its use preferable. Therefore, the 
continued use of the normal distribution is recommended for 
the 1980 AD/AR TARSLL. 

The two basic changes tec the model itself were both 
promising. The units-satisfied model had a lower cost than 
the 1980 TARSLL model, but its effectiveness was not as 
good, and the number of line items already exceeded the goal 
Of the type commander. The total number of units, however, 
was less than the total units on the 1980 TARSLL model. The 
unit effectiveness model had exactly the reverse situation. 
It had a low number of units, but a high total unit count. 
Semsequently, it had a higher cost than the 1980 TARSLL. It 
also had better actual effectiveness. The unit effectiveness 
model is preferable because of the fewer number of line 
items. It should be considered as a replacement for the 
current AD/AR TARSLL model. 
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STATISTICS FOR MODEL WITH GAMMA DISTRIBUTION 
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